Multiple sclerosis between genetics and infections: human endogenous retroviruses in monocytes and macrophages by Morandi, Elena et al.
Morandi, Elena and Tarlinton, Rachael and Gran, Bruno 
(2015) Multiple sclerosis between genetics and 
infections: human endogenous retroviruses in 
monocytes and macrophages. Frontiers in Immunology, 
6 . p. 641. ISSN 1664-3224 
Access from the University of Nottingham repository: 
http://eprints.nottingham.ac.uk/32103/1/Morandi%20et%20al.%20-%20Front%20Immunol
%202015.pdf
Copyright and reuse: 
The Nottingham ePrints service makes this work by researchers of the University of 
Nottingham available open access under the following conditions.
· Copyright and all moral rights to the version of the paper presented here belong to 
the individual author(s) and/or other copyright owners.
· To the extent reasonable and practicable the material made available in Nottingham 
ePrints has been checked for eligibility before being made available.
· Copies of full items can be used for personal research or study, educational, or not-
for-profit purposes without prior permission or charge provided that the authors, title 
and full bibliographic details are credited, a hyperlink and/or URL is given for the 
original metadata page and the content is not changed in any way.
· Quotations or similar reproductions must be sufficiently acknowledged.
Please see our full end user licence at: 
http://eprints.nottingham.ac.uk/end_user_agreement.pdf 
A note on versions: 
The version presented here may differ from the published version or from the version of 
record. If you wish to cite this item you are advised to consult the publisher’s version. Please 
see the repository url above for details on accessing the published version and note that 
access may require a subscription.
For more information, please contact eprints@nottingham.ac.uk
3&7*&8
QVCMJTIFE  %FDFNCFS 
EPJ GJNNV
&EJUFE CZ
;TPMU *MMFT
6OJWFSTJUZ PG 4PVUIFSO %FONBSL
%FONBSL
3FWJFXFE CZ
"OOB 'PHEFMM)BIO
,BSPMJOTLB *OTUJUVUFU 4XFEFO
.PSUFO #MBBCKFSH
6OJWFSTJUZ PG 4PVUIFSO %FONBSL
%FONBSL
$PSSFTQPOEFODF
#SVOP (SBO
CSVOPHSBO!OPUUJOHIBNBDVL
4QFDJBMUZ TFDUJPO
5IJT BSUJDMF XBT TVCNJUUFE UP .VMUJQMF
4DMFSPTJT BOE /FVSPJNNVOPMPHZ
B TFDUJPO PG UIF KPVSOBM
'SPOUJFST JO *NNVOPMPHZ
3FDFJWFE  0DUPCFS 
"DDFQUFE  %FDFNCFS 
1VCMJTIFE  %FDFNCFS 
$JUBUJPO
.PSBOEJ & 5BSMJOUPO 3& BOE (SBO #
	
 .VMUJQMF 4DMFSPTJT CFUXFFO
(FOFUJDT BOE *OGFDUJPOT )VNBO
&OEPHFOPVT 3FUSPWJSVTFT JO
.POPDZUFT BOE .BDSPQIBHFT
'SPOU *NNVOPM 
EPJ GJNNV
.VMUJQMF 4DMFSPTJT CFUXFFO (FOFUJDT
BOE *OGFDUJPOT )VNBO &OEPHFOPVT
3FUSPWJSVTFT JO .POPDZUFT BOE
.BDSPQIBHFT
&MFOB .PSBOEJ 3BDIBFM & 5BSMJOUPO BOE #SVOP (SBO
 $MJOJDBM /FVSPMPHZ 3FTFBSDI (SPVQ %JWJTJPO PG $MJOJDBM /FVSPTDJFODF 4DIPPM PG .FEJDJOF 6OJWFSTJUZ PG /PUUJOHIBN
/PUUJOHIBN 6,  4DIPPM PG 7FUFSJOBSZ .FEJDJOF BOE 4DJFODF 6OJWFSTJUZ PG /PUUJOHIBN /PUUJOHIBN 6,
5IF FUJPMPHZ PG NVMUJQMF TDMFSPTJT 	.4
 JT TUJMM VOLOPXO CVU UIFSF JT TUSPOH FWJEFODF UIBU
HFOFUJD QSFEJTQPTJUJPO BTTPDJBUFE XJUI FOWJSPONFOUBM GBDUPST DBO USJHHFS UIF EJTFBTF "O
FTUJNBUFE  NJMMJPO ZFBST BHP FYPHFOPVT SFUSPWJSVTFT BSF UIPVHIU UP IBWF JOUFHSBUFE
UIFNTFMWFT JOUP IVNBO HFSN MJOF DFMMT CFDPNJOH QBSU PG IVNBO %/" BOE CFJOH
USBOTNJUUFE PWFS HFOFSBUJPOT 6TVBMMZ TVDI IVNBO FOEPHFOPVT SFUSPWJSVTFT 	)&37T
 BSF
TJMFODFE PS FYQSFTTFE BU MPX MFWFMT CVU JO TPNF QBUIPMPHJDBM DPOEJUJPOT TVDI BT .4
UIFJS FYQSFTTJPO JT IJHIFS UIBO UIBU JO UIF IFBMUIZ QPQVMBUJPO 5ISFF )&37 GBNJMJFT IBWF
CFFO BTTPDJBUFE XJUI .4 )&37) )&37, BOE )&378 5IF FOWFMPQF QSPUFJO PG
.4BTTPDJBUFE SFUSPWJSVT 	.437
 GSPN UIF )&378 GBNJMZ DVSSFOUMZ IBT UIF TUSPOHFTU
FWJEFODF BT B QPUFOUJBM USJHHFS GPS .4 *O BEEJUJPO UP FYQSFTTJPO JO QFSJQIFSBM JNNVOF
DFMMT .437 JT FYQSFTTFE JO NPOPDZUFT BOE NJDSPHMJB JO DFOUSBM OFSWPVT TZTUFN MFTJPOT
PG QFPQMF XJUI .4 BOE UISPVHI UIF BDUJWBUJPO PG UPMMMJLF SFDFQUPS  JU IBT CFFO TIPXO UP
ESJWF UIF QSPEVDUJPO PG QSPJOGMBNNBUPSZ DZUPLJOFT SFEVDUJPO PG NZFMJO QSPUFJO FYQSFTTJPO
BOE EFBUI PG PMJHPEFOESPDZUF QSFDVSTPST *O DPODMVTJPO UIF BTTPDJBUJPO CFUXFFO )&37T
BOE .4 JT XFMM EPDVNFOUFE BOE B QBUIPMPHJDBM SPMF GPS .437 JO .4 JT QMBVTJCMF 'VSUIFS
TUVEJFT BSF SFRVJSFE UP EFUFSNJOF XIFUIFS UIF QSFTFODF PG UIFTF )&37T JT B DBVTF PS BO
FGGFDU PG JNNVOF EZTSFHVMBUJPO JO .4
,FZXPSET NVMUJQMF TDMFSPTJT IVNBO FOEPHFOPVT SFUSPWJSVT NPOPDZUFT NBDSPQIBHFT NJDSPHMJB .4BTTPDJBUFE
SFUSPWJSVT &QTUFJOo#BSS WJSVT FOWJSPONFOUBM GBDUPST
*/530%6$5*0/
.VMUJQMF TDMFSPTJT 	.4
 JT POF PG UIF NPTU DPNNPO DBVTFT PG OFVSPMPHJDBM EJTBCJMJUZ JO ZPVOH BEVMUT
CFUXFFO UIF BHFT PG  BOE  ZFBST *U JT B DISPOJD EFNZFMJOBUJOH EJTFBTF PG UIF DFOUSBM OFSWPVT
TZTUFN 	$/4
 DIBSBDUFSJ[FE CZ JOGMBNNBUPSZ BOE EFHFOFSBUJWF DIBOHFT JO UIF CSBJO BOE TQJOBM
DPSE 1BUIPMPHJDBM FYBNJOBUJPOT PG CSBJOT PG QBUJFOUT XJUI .4 TIPX DIBSBDUFSJTUJD QFSJWBTDVMBS
JOGMBNNBUPSZ JOGJMUSBUFT JO QBSUJDVMBS 5 DFMMT BOE NBDSPQIBHFT UPHFUIFS XJUI NZFMJO CSFBLEPXO
BOE EFHFOFSBUJPO PG BYPOT 	
 5IF FUJPMPHZ PG .4 JT TUJMM VOLOPXO CVU UIFSF JT TUSPOH FWJEFODF
UIBU HFOFUJD QSFEJTQPTJUJPO BTTPDJBUFE XJUI FOWJSPONFOUBM GBDUPST DBO USJHHFS UIF EJTFBTF )VNBO
FOEPHFOPVT SFUSPWJSVTFT 	)&37T
 BSF JOUFHSBUFE JO UIF IVNBO HFOPNF BOE IBWF CFFO USBOTNJUUFE
PWFS HFOFSBUJPOT 6TVBMMZ )&37T BSF TJMFODFE PS FYQSFTTFE BU MPX MFWFMT CVU JO TPNF QBUIPMPHJDBM
DPOEJUJPOT TVDI BT .4 UIFJS FYQSFTTJPO JT IJHIFS UIBO UIBU JO UIF IFBMUIZ QPQVMBUJPO
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*O UIJT SFWJFX XF FYBNJOF UIF FYQSFTTJPO PG )&37T JO NPOP
DZUFTNBDSPQIBHFT BOE UIFJS QPTTJCMF SPMF JO UIF QBUIPHFOFTJT
PG .4
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*O UIF CPOF NBSSPX NZFMPJE QSPHFOJUPS DFMMT HFOFSBUF DPN
NPO NPOPDZUFoEFOESJUJD DFMM QSPHFOJUPST XIJDI JO UVSO ZJFME
CMPPE NPOPDZUFT BOE EFOESJUJD DFMM QSPHFOJUPST .POPDZUFT BSF
CMPPE NPOPOVDMFBS DFMMT BOE BSF SFOFXFE DPOUJOVBMMZ GSPN CPOF
NBSSPX IFNBUPQPJFUJD TUFN DFMMT UISPVHIPVU UIFJS MJGF .POP
DZUFT IBWF UIF BCJMJUZ UP NPCJMJ[F BOE USBGGJD UP XIFSF UIFZ BSF
OFFEFE UISPVHI DIFNPLJOFT BOE MFVLPDZUF BEIFTJPO BOE USBGGJDL
JOH NPMFDVMFT 5IF SFDPHOJUJPO PG EJGGFSFOU DIFNPLJOFT JT DFOUSBM
GPS UIFJS GVODUJPO 	
 *OEFFE EVSJOH JOGMBNNBUJPO NPOPDZUFT
NJHSBUF GSPN UIF CMPPETUSFBN JOUP BGGFDUFE UJTTVFT JODMVEJOH
UIF $/4 XIFSF UIFZ EJGGFSFOUJBUF JOUP iJOGJMUSBUJOHw NBDSPQIBHFT
UIBU BSF NBJOUBJOFE FJUIFS CZ MPDBM TFMGSFOFXBM TJHOBMT PS CZ
JOUFSBDUJPO XJUI UIF BEBQUJWF BOE JOOBUF JNNVOF TZTUFN TVDI BT
UPMMMJLF SFDFQUPST 	5-3T
 	
 #BTFE PO EJGGFSFOU FOWJSPONFOUBM
TJHOBMT NBDSPQIBHFT DBO EJSFDU UIFJS QIFOPUZQF JOUP B OVN
CFS PG GVODUJPOBM QIFOPUZQFT JODMVEJOH . QSPJOGMBNNBUPSZ
NBDSPQIBHFT 	JOEVDFE JO WJUSP GSPN NPOPDZUFT CZ *'/B
 BOE
. RVJFTDFOUBOUJJOGMBNNBUPSZ NBDSPQIBHFT 	JOEVDFE CZ *-
PS *-
 	
.IBWF CFFO JOWPMWFE JO BOUJHFO QSFTFOUBUJPO DZUP
UPYJDJUZ BMTP UJTTVF SFNPEFMJOH UVNPS EFTUSVDUJPO BOE QPUFO
UJBMMZ UJTTVF EBNBHF JO OFVSPEFHFOFSBUJPO #Z DPOUSBTU . QBS
UJDJQBUF JO JNNVOF SFHVMBUJPO QIBHPDZUPTJT DFMM TVSWJWBM TJHOBMT
BOE UVNPS QSPNPUJPO 	
 *O SFBMJUZ . BOE . BSF POMZ UXP PG
NBOZ iQPMFTw PG NBDSPQIBHF EJGGFSFOUJBUJPO XIJDI FODPNQBTTFT
B NVDI CSPBEFS USBOTDSJQUJPOBM SFQFSUPJSF FODPNQBTTJOH BU MFBTU
OJOF EJTUJODU QSPHSBNT 5IFTF BSF JOGMVFODFE CZ B XJEF BSSBZ PG
FOWJSPONFOUBM TJHOBMT 	

.JDSPHMJB IBWF PGUFO CFFO SFGFSSFE UP BT SFTJEFOU NBDSPQIBHFT
JO UIF $/4 BOE POMZ JO UIF QBTU GFX ZFBST JU IBT CFFO QPTTJCMF
UP EJGGFSFOUJBUF CFUXFFO NPOPDZUFEFSJWFE NBDSPQIBHFT 	.%.

BOE NJDSPHMJB 5SVF NJDSPHMJB BSF SFTJEFOU NPOPOVDMFBS QIBHP
DZUFT PG UIF CSBJO QBSFODIZNB UIBU PSJHJOBUF EVSJOH FNCSZPHF
OFTJT GSPN UIF ZPML TBD BOE BSF NBJOUBJOFE JOEFQFOEFOUMZ PG
IFNBUPQPJFUJD TUFN DFMMT 8IFO UIF $/4 JT JOGMBNFE NJDSPHMJB
DBO EJGGFSFOUJBUF JOUP NBDSPQIBHFT XIPTF GVODUJPOT BSF EJT
UJODU GSPN UIPTF PG JOGJMUSBUJOH NPOPDZUFT *O UIF IFBMUIZ CSBJO
NJDSPHMJB QIZTJDBMMZ DPOUSJCVUF UP CSBJO EFWFMPQNFOU BOE IPNF
PTUBTJT JODMVEJOH SFHVMBUJPO PG DFMM EFBUI TZOBQTF QSVOJOH BOE
FMJNJOBUJPO OFVSPHFOFTJT BOE OFVSPOBM TVSWFJMMBODF 	

*O .4 QBUIPHFOFTJT XIJDI JT IFMQGVMMZ NPEFMFE XJUI
MJNJUBUJPOT CZ UIF BOJNBM NPEFM FYQFSJNFOUBM BVUPJNNVOF
FODFQIBMPNZFMJUJT 	&"&
 UIF EFTUSVDUJPO PG NZFMJO BOE BYPOT BT
XFMM BT PMJHPEFOESPDZUF DFMM EFBUI BSF EJSFDUMZ SFMBUFE UP JOGMBN
NBUJPO BOE UIF QSFTFODF PG NPOPDZUFTNBDSPQIBHFT 	
 &WFO
UIPVHI &"& JT UIPVHIU UP CF JOEVDFE CZ 5 DFMMT JO NPTU SPEFOU
BOE OPOIVNBO QSJNBUF NPEFMT UIF NBKPSJUZ PG $/4JOGJMUSBUJOH
JNNVOF DFMMT JO TVDI NPEFMT BSF PG NZFMPJE PSJHJO *O UIF NPVTF
UXP NBJO UZQFT PG NPOPDZUFT FYJTU JODMVEJOH UIF JOGJMUSBUJOH
JOGMBNNBUPSZ NPOPDZUFT 	-Z$IJ$$3+$9$3MP
 BOE UIF
$/4 SFTJEFOU NPOPDZUFT 	-Z$MP$$3−$9$3IJ
 	
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&"& POMZ JOGJMUSBUJOH $$3+ -Z$IJ NPOPDZUFT BSF SBQJEMZ
SFDSVJUFE UP UIF JOGMBNFE $/4 QSJPS UP UIF EJTFBTF POTFU BOE QMBZ
B DSVDJBM SPMF JO UIF FGGFDUPS QIBTF PG UIF EJTFBTF 	
 .PSFPWFS
.)$ DMBTT **FYQSFTTJOH NBDSPQIBHFT BSF JOWPMWFE JO UIF
SFBDUJWBUJPO PG QBUIPHFOJD 5 DFMMT JO UIF TVCBSBDIOPJE TQBDFT PG
UIF NFOJOHFT BOE JO UIF QFSJWBTDVMBS TQBDFT PG UIF CMPPEoCSBJO
CBSSJFS 	
 "HBJO JO &"& UIF JOIJCJUJPO PG NBDSPQIBHF
JOGMBNNBUPSZ QSPUFJO 	.*1
@ 	$$-
 B MJHBOE GPS $$3 BOE
$$3 QSFWFOUT UIF JOGJMUSBUJPO PG NBDSPQIBHFT JOUP UIF $/4
BOE UIF EFWFMPQNFOU PG CPUI BDVUF BOE SFMBQTJOH TZNQUPNT
	
 4JNJMBSMZ JO IVNBOT BDUJWF .4 MFTJPOT BSF DIBSBDUFSJ[FE CZ
$$3+$$3+ NPOPDZUFT UIBU BSF GPVOE JO QFSJWBTDVMBS DFMM
DVGGT BOE JO EFNZFMJOBUJOH MFTJPOT .POPOVDMFBS QIBHPDZUFT JO
FBSMZ EFNZFMJOBUJOH TUBHFT DPNQSJTF $$3+$$3+ NPOPDZUFT
BOE $$3−$$3− SFTJEFOU NJDSPHMJBM DFMMT UIBU JO MBUFS
TUBHFT EJGGFSFOUJBUF VOJGPSNMZ JOUP $$3−$$3+ QIBHPDZUJD
NBDSPQIBHFT 	
 "MUIPVHI NBDSPQIBHFT JO BDUJWF .4 MFTJPOT
QSFEPNJOBOUMZ EJTQMBZ . DIBSBDUFSJTUJDT B NBKPS TVCTFU PG UIFTF
DFMMT BMTP DPFYQSFTT . NBSLFST 	
 *OEFFE DVSSFOU QJFDFT
PG FWJEFODF TVHHFTU UIBU QIFOPUZQJDBMMZ TJNJMBS NBDSPQIBHFT
JO UIF $/4 OPU POMZ DBO DPOUSJCVUF UP UIF HFOFSBUJPO PG
JOGMBNNBUPSZ MFTJPOT BOE QFSGPSN B QBUIPHFOJD SPMF JO UIF
EFNZFMJOBUJPO QSPDFTT CVU BMTP DBO DPOUSJCVUF UP SFHFOFSBUJWF
SFQBJS NFDIBOJTNT UP SFTPMWF JOGMBNNBUJPO 	

.POPDZUFTNBDSPQIBHFT IBWF CFFO JNQMJDBUFE JO JOEVDJOH
OFVSBM QBUIPMPHZ JO .4 CZ TFDSFUJPO PG UPYJD NPMFDVMFT BOUJ
HFO QSFTFOUBUJPO UP DZUPUPYJD 5 MZNQIPDZUFT BOE EFHSBEBUJPO
PG TZOBQTFT 	
 "O BEEJUJPOBM QSPQPTFE NFDIBOJTN JT CZ UIF
FYQSFTTJPO PG )&37T BT XJMM CF EJTDVTTFE JO UIJT SFWJFX
)6."/ &/%0(&/064 3&5307*364&4
*/ .4
3FUSPWJSVTFT BSF FOWFMPQFE WJSVTFT XJUI TJOHMFTUSBOE QPTJUJWF
3/" HFOPNFT "GUFS UIF JOGFDUJPO PG UIF UBSHFU DFMM UIFZ SFWFSTF
USBOTDSJCF UIFJS 3/" BOE JOUFHSBUF UIF SFTVMUJOH %/" QSPEVDU
JOUP UIF DFMMVMBS DISPNPTPNFT GPSNJOH B QSPWJSVT 0DDBTJPOBMMZ
TPNF UZQFT PG SFUSPWJSVTFT DBO JOGFDU HFSN MJOF DFMMT BOE DPMPOJ[F
UIF IPTUT HFSN MJOF CZ GPSNJOH FOEPHFOPVT SFUSPWJSVTFT 'SPN 
UP  NJMMJPO ZFBST BHP WBSJPVT HSPVQT PG SFUSPWJSVTFT JOUFHSBUFE
JOUP IVNBO HFSN MJOF DFMMT CFDPNJOH QBSU PG UIF IVNBO%/" BOE
CFJOH USBOTNJUUFE UISPVHI B .FOEFMJBO QBUUFSO PWFS HFOFSBUJPOT
*OEFFE VQ UP  PG UIF IVNBO HFOPNF JT DPOTUJUVUFE PG HSPVQT
PG )&37T SBOHJOH JO DPQZ OVNCFS GSPN POF UP NBOZ UIPVTBOET
5IFZ BSF QBSU PG PVS IJTUPSZ BOE FWPMVUJPO BOE BMUIPVHI VTVBMMZ
UIFZ SFUBJO POMZ B QBTTJWF SPMF JO UIF HFOPNF JO TPNF DBTFT UIFZ
IBWF CFFO BTTPDJBUFE XJUI EJTFBTFT 	

5IFSF JT OP VOJWFSTBMMZ SFDPHOJ[FE TUBOEBSE OPNFODMBUVSF GPS
)&37T 5IFZ BSF DMBTTJGJFE JOUP UISFF DBUFHPSJFT PO UIF CBTJT
PG UIFJS TFRVFODF TJNJMBSJUZ XJUI LOPXO JOGFDUJPVT SFUSPWJSVTFT
DMBTT * ** BOE *** SFTQFDUJWFMZ TJNJMBS UP HBNNBSFUSPWJSVTFT
CFUBSFUSPWJSVTFT PS TQVNBWJSVTFT 5IFTF DMBTTFT BSF EJWJEFE JOUP
TFWFSBM GBNJMJFT JO XIJDI UIF MFUUFS BEEFE UP )&37 	)&378
)&37, )&37) FUD
 DPSSFTQPOET UP UIF U3/" TQFDJGJDJUZ PG
UIF QSJNFS CJOEJOH TJUF JO UIF WJSBM MPOH UFSNJOBM SFQFBU 	-53
 5P
EBUF BDDPSEJOH UP UIJT DMBTTJGJDBUJPO  )&37 GBNJMJFT IBWF CFFO
JEFOUJGJFE 	
 )&37T IBWF UIF TBNF HFOF TUSVDUVSF BT FYPHFOPVT
SFUSPWJSVTFT 5XP -53 SFHJPOT CPVOE UIF HFOPNF UIBU FODPEFT UIF
'SPOUJFST JO *NNVOPMPHZ ] XXXGSPOUJFSTJOPSH %FDFNCFS  ] 7PMVNF  ] "SUJDMF 
.PSBOEJ FU BM )&37T JO .POPDZUFT JO .4
GPVS NBKPS WJSBM QSPUFJOT HBH UIF NBUSJY BOE SFUSPWJSBM DPSF QPM
UIF SFWFSTF USBOTDSJQUBTF BOE JOUFHSBTF QSP UIF QSPUFBTF BOE FOW
UIF FOWFMPQF 	'JHVSF "
 )&37 FYQSFTTJPO JT SFHVMBUFE CZ UIF
QSPNPUFS BOE FOIBODFS SFHJPOT JO UIF -53
1SPCBCMZ)&37T IBE JOJUJBMMZ UIF DBQBDJUZ PG SFUSPUSBOTQPTJUJPO
PS SFJOGFDUJPO CVU PWFS UJNF JO UIF QBTTBHF GSPN POF HFOFSBUJPO
UP UIF OFYU FOEPHFOPVT SFUSPWJSVTFT IBWF BDDVNVMBUFE NVUBUJPOT
PS SFDPNCJOBUJPO FWFOUT JOBDUJWBUJOH UIFN BOE FWPMVUJPO NBZ
IBWF TFMFDUFE POMZ JOUFHSBUJPOT UIBU BSF IBSNMFTT UP IVNBOT 	

"MUIPVHI JOGFDUJPVT &37T IBWF CFFO JEFOUJGJFE JO TPNFNBNNBMT
TVDI BT DBUT NJDF BOE LPBMBT OP )&37T IBWF CFFO TIPXO UP
EBUF UP QSPEVDF JOGFDUJPVT WJSJPOT 4PNF &37T BSF JOEFFE DBQB
CMF PG JOJUJBUJOH BO JOGFDUJPO JOUP IVNBO DFMMT CVU UIFZ DBOOPU
DPNQMFUF UIFJS SFQMJDBUJPO DZDMF EVF UP NVUBUJPOT JO UIFJS QPM BOE
HBH HFOFT 	
 &WFO UIPVHI NVUBUJPOT BOE DPOUSPM NFDIBOJTNT
UIBU QSFWFOU UIFJS FYQSFTTJPO FYJTU XJUIJO IVNBO DFMMT TVDI BT
FQJHFOFUJD TJMFODJOH BOE SFUSPWJSVT SFTUSJDUJPO GBDUPST 	"10#&$
5SJN BOE PUIFST
 TPNF )&37T NBJOUBJO UIF BCJMJUZ UP SFWFSTF
USBOTDSJCF FYQSFTT QSPUFJOT BOE QSPEVDF OPOJOGFDUJPVT WJSBM QBS
UJDMFT #FUXFFO  BOE  PG BMM )&37 TFRVFODFT JO UIF HFOPNF
NBZ CF USBOTDSJQUJPOBMMZ BDUJWF JO OPSNBM UJTTVFT BOE DVMUVSFE
DFMMT )PXFWFS UIF FYUFOU PG FYQSFTTJPO WBSJFT GSPN UJTTVF UP UJTTVF
BOE BMTP CFUXFFO JOEJWJEVBMT /FWFSUIFMFTT UIFJS BDUJWJUZ TFFNT
UP CF NPEVMBUFE JO QBUIPMPHJDBM DPOEJUJPOT TVDI BT DBODFS BOE
BVUPJNNVOF EJTFBTFT 	

5ISFF NBJO )&37 GBNJMJFT IBWF CFFO BTTPDJBUFE XJUI .4 5IF
GJSTU FOEPHFOPVT SFUSPWJSVT GPVOE JO .4 TBNQMFT JO UIF T
XBT .4BTTPDJBUFE SFUSPWJSVT 	.437
 CFMPOHJOH UP UIF )&37
8 GBNJMZ 	
 .PTU TUVEJFT IBWF TJODF GPDVTFE PO UIJT SFUSPWJSBM
GBNJMZ 5IF NBKPSJUZ SFQPSUT BO BTTPDJBUJPO CFUXFFO .437 BOE
.4 .437FOW BOE .437QPM 3/" BOE QSPUFJO IBWF CFFO GPVOE
FYQSFTTFE BU IJHIFS MFWFMT JO TFSVN 	o
 1#.$ 	o
 BOE
$4' 	 
 PG .4 QBUJFOUT DPNQBSFE UP IFBMUIZ DPOUSPMT 	)$

BOE PUIFS OFVSPMPHJDBM EJTFBTF 	0/%
 QBUJFOUT 4PNF BSUJDMFT
IBWF BMTP SFQPSUFE UIF QSFTFODF PG UIJT SFUSPWJSVT JO UIF CSBJO
PG .4 QBUJFOUT JO QBSUJDVMBS XJUIJO MFTJPOT 	  
 BOE UIF
FYQSFTTJPO PG UIFTF SFUSPWJSVTFT DPSSFMBUFE XJUI EJTFBTF QSPHSFT
TJPO 	 
 0O UIF PUIFS IBOE B TNBMMFS OVNCFS PG TUVEJFT IBWF
OPU SFQSPEVDFE UIF TBNF BTTPDJBUJPO GJOEJOH TJNJMBS FYQSFTTJPO
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